INTRODUCTION
Bell pepper (Capsicum annuum L.) is a member of the Solanaceous family, native to Mexico, Central America and northern South America (Echer et al., 2002; Filgueira, 2003) . It is an important crop in many parts of the world, given their economic importance, ranking second in world production. Major producing countries *Corresponding author. richardpadron@mail.ufsm.br. Tel: (+55) 2013-2014 and 2014-2015 seasons. are China, Mexico, Turkey, Indonesia, Spain and United States (FAOSTAT, 2013) . It is considered one of the ten species of greatest economic importance in the Brazilian vegetable market. The area cultivated annually is about 13,000 ha, with fruit production close to 290,000 t, generally grown in open field (Marouelli and Silva, 2012) .
The widespread lack of water for agricultural production has led to frequent need for strategies aimed at optimizing the efficiency of its use (Padrón et al., 2014) . The strategy to ensure food supply to the world population for the next 25 years inevitably includes a parallel increase in agricultural production. A large part of this effort is relayed on irrigation; therefore the big challenge is to improve the efficiency and performance of agriculture, water and energy from existing irrigated fields (Mukherji and Facon, 2009; Melgarejo and López, 2012) . The scarcity of water resources necessitates appropriate management and use of the available water, given that the agricultural sector is one of the activities that demand more water (Albuquerque et al., 2012) . Therefore, techniques to minimize consumption of irrigation water and increase yield with water use efficiency are necessary.
Temperature affects the vital functions of plants such as germination, transpiration, respiration, photosynthesis, growth and flowering (Goto and Tivelli, 1998) . Therefore, planting in a protected environment may reduce the effects of temperature to the plant (Santos et al., 2009) . In agriculture, the use of shade mesh has increased to attenuate the flux of solar radiation received by the crop (Pezzopane et al., 2004) . Excess radiation, usually accompanied by high temperatures can cause damage as: flower abortion; reduced yield and incidence of fruit physiological disorders such as: blossom end, rot and sunscald causing significant loss (Espinoza, 1991; Olle and Bender, 2009) . Also, shade mesh reduces water requirements and increases the efficiency of irrigation water use (Möller and Assouline, 2007) .
Effective management of water resources is the key to sustainability and profitability of the crop, thus encouraging the development of new techniques for the analysis and efficient water management. This study aims to evaluate the effects of supplemental irrigation levels in bell pepper crop yield and water use efficiency under shade mesh and in open-field.
MATERIALS AND METHODS
This field study was conducted at the experimental area of the Polytechnic School of the Federal University of Santa Maria (altitude of 110 m, and 29°41'25"S, and 53°48'42"W), during the Spring-Summer seasons of 2013-2014 and 2014-2015 . The soil is classified as typical dystrophic yellow argissolo, with a loam texture (Streck et al., 2008) . The climate of the region, according to the Köppen classification is subtropical humid (Cfa). According to the National Institute of Meteorology (INMET), mean annual evaporation, temperature and rainfall range from 800 to 1200 mm, 18 to 20°C and 1450 to 1650 mm, respectively. Table 1 shows the summary of the mean monthly climate data during the experiment. The insolation and evaporation in season 2013 to 2014 were higher than those in 2014 to 2015, except mean relative humidity which was reduced in 2013 to 2014. Solar radiation, evaporation, rainfall and daily temperature during the experimental period are shown in Figure 1 . The monthly mean solar radiations, temperature and rainfall were higher in 2013 to 2014 than in 2014 to 2015. The daily mean temperatures in 2013 to 2014 were higher than those in 2014 to 2015 except December and March. The monthly maximum temperatures were higher in December, January and February. The rainfall cumulative was higher in 2013 to 2014 (892.8 mm) and 2014 to 2015 (834 mm) ; the maximum monthly rainfalls were in November and December, respectively. The monthly radiation in 2013 to 2014 was higher in December and January.
The experimental design was a randomized complete block with four replications and ten treatments in factorial arrangement (four irrigation levels combined with shade mesh). Irrigation treatments were: 25% (I0.25), 50% (I0.50), 75% (I0.75), and 100% (I1.0) rate of crop evapotranspiration (ETc) and the control [no irrigation (I0)]. Shading treatments were 50% reduction of the photosynthetically active radiation (according to the manufacturer) and open field conditions (control, 0% shading). There were 40 experimental plots, each of 5.0 m long and 2 m wide (10 m 2 ), for a total area of 400 m 2 , not including border plants. The variety of bell pepper was Arcade, widely used in the region. Two-month old plants were transplanted in the field, with 1.0 m separation between rows and 0.4 m between plants (density of 2.5 plants m -2 ) on 16 November 2013 and 23 November 2014. Shade mesh (polyethylene black shade mesh) was supported with metallic cable and forming rectangular structure with the highest point at 2 m. The shade mesh was set two weeks before transplanting. The level of shading was verified by using digital radiometer (Model MS-100). Leaf temperature was measured in each plot with an infrared thermometer gun (Model: AR 320).
One drip irrigation tape was placed next to each row; emitters were spaced 0.2 m apart and had a flow rate of 0. emitter. In each experimental plot there was a ball valve for regulating irrigation time, pressure, and uniformity.
Irrigation strategy
During the first 20 days after transplanting 100% of crop evapotranspiration (ETc) was applied to all treatments to ensure plants establishment. Levels of supplementary irrigation were applied from 20 to 119 days after transplant and the frequency of daily watering was established. After effective rainfall exceeded reference evapotranspiration, irrigation was applied two days after the event.
Crop reference evapotranspiration (ETo) and crop evapotranspiration (ETc) were calculated using Equations 1 and 2. The use of reference evapotranspiration leads to increasing uncertainty comparing actual evapotranspiration. There are other models that can estimate evapotranspiration reference than have had successful results. Also, they are useful for selecting the best model when researchers must apply temperature-based models on the basis of available data (Valipour and Eslamian, 2014; Valipour, 2014a, b, c; Valipour, 2015a, b) . Weather data were collected from an automatic weather station located 1 km from the experimental area. Crop reference evaporation was calculated based on the method of FAO Penman-Monteith (Allen et al., 2006) , (Equation 1) as follows:
where ETo is the reference evapotranspiration (mm day -1 ), Rn, G and T are net radiation value at crop surface (MJ m -2 day -1 ), soil heat flux density (MJ m -2 day -1 ) and mean daily air temperature at 2 m height (°C), respectively. Also, u2, es ea, (es -ea), Δ and represent wind speed at 2 m height (m s -1 ), saturation vapor pressure (kPa), actual vapor pressure (kPa), saturation vapor pressure deficit (kPa), slope of the saturation vapor pressure curve (kPa/°C) and psychrometric constant (kPa/°C), respectively.
Crop evapotranspiration (ETc) was calculated with the method of dual crop coefficients for each crop phoenological stage (Allen et al., 2006) , (Equation 2) as follows:
where ETc is crop evapotranspiration (mm), ETo is reference crop evapotranspiration (mm) and splitting Kc into two separate coefficients, basal crop coefficient (Kcb) and soil water evaporation coefficient (Ke). Before the plants were transplanted, sampling points in the experimental area were randomly selected to determine basic soil attributes, including soil texture, bulk density, field capacity, and permanent wilting point (Table 2) . Also, an infiltration test of wet bulb was performed to design the irrigation system. Soil water content over the season was measured before and after irrigation every two days (four readings per experimental plot), with a portable time domain reflectometry (TDR-100). The two metallic sensor (0.2 m rods of the TDR) were inserted vertically within the row between plants. Also soil water monitoring was performed with neutron probe (CPN Model 503, DR), with calibration previous to execution of the experiment (Padrón et al., 2015) . PVC tubes (50 mm) were installed between row (1 m distance) and plant of each experimental plot at a depth of 0.7 m. Readings was performed once a week at 0.125, 0.30 and 0.50 m of soil depth.
Fruit were picked weekly during two months (60-120 day after transplanting) for yield, in both years. Fruit yield per plot was determined by harvesting 20 plants from center rows. To evaluate incidence of sunscald, number of affected fruit was determined. Fruit diameter, length and dry weight were determined at each harvest, using fruit from five plants per plot. Fruit samples were dried at 65°C until constant weight was obtained. Water productivity (WP) and irrigation water productivity (IWP) were calculated with the fresh total yield (kg ha -1 ) divided by crop evapotranspiration (ETc) Equation (3) and total irrigation water applied Equation (4), respectively (Heydari, 2014; Molden et al., 2010) , as follows:
Herbicides, fungicides and insecticides were applied as necessary. of ammonium nitrate (36% N) and 396 kg ha -1 of potassium nitrate (35% K2O). Statistical analysis was performed using the SPSS software package (SPSS V17.0). Significant differences between means for different treatments were compared using Tukey test at P<0.05. Data from all years were pooled when no treatment interactions were found.
RESULTS AND DISCUSSION
Crop evapotranspiration, effective rainfall and effective irrigation are shown in Table 3 . In 2013-2014, crop was irrigated 74 times and total irrigation applied was 401. The dual crop coefficient during the study is shown in Figure 3 . In both seasons, crop coefficient K cb gradually increased reaching the highest values between 60 and 100 days after transplanting. Coefficient K e was highest during the first 50 days after transplanting and then decreased. Both factors were most affected by the frequent rainfall in the 2014 to 2015 season. The biggest difference between the values of K c and K cb occurred in the initial crop growth stage where evapotranspiration was mainly composed of soil evaporation, while crop transpiration, was relatively small. Dual crop coefficient values at different stages of bell pepper crop growth are shown in Table 4 . At different stages Kc values were similar or higher than those recommended by FAO-56 values. Shukla et al. (2013) reported that early in the season Kc values were higher than those of the classic Kc curve reported in the literature (e.g., FAO-56) and increased as the crop developed until it reached maximum values at crop maturity. Due to increased water table at the time of transplanting, soil evaporation losses were higher than those of other regions leading to increased ETc and as a result increased Kc; Kc for bell pepper reached values of : Kc ini =0.86, Kc med =1.21, Kc fin =1.28. Also, rainfall during the initial stage further increased the surface soil water content, which resulted in increased soil evaporation. Results show that Kc for pepper grown using subirrigation is highly dependent on the soil water content of the bare soil area. In semiarid climate, Kong et al. (2012) There was no significant interaction effect for treatments Yield (t ha under shade mesh and open-field between the years of study for yield data. Ilahy et al. (2013) reported that there were no significant differences between shaded and nonshaded conditions in commercial yield of sweet pepper 'Herminio'. However, statistical difference between the levels of irrigation on yield, fruit weight, fruit dry matter and number fruit per plant was found. Fruit weight showed significant interaction between treatments under shade netting and open field. The relationship between fruit yield and irrigation rate under shade mesh and open-field is shown in Figure 4 .
Fruit yield in open-field was increased with I 0.50 and I 0.75 . In the 2013 to 2014 season, values ranged from 13.8 t ha -1 in I 0 to 37.1 t ha -1 in I 0.75 . Treatment I 0 showed a reduction in yield of 54.7% and that of I 1.0 was reduced by 19.9% relative to maximum yield (I 0.75 ). Kara and Yıldırım (2015) , reported similar results in Capsicum annuum L. cv. Carliston with different irrigation levels (0.2, 0.5, 0.8, 1.0 and 1.2 ETc); yields were 18.78, 20.60, 21.57, 18.90 and 15.16 Mg ha -1 , respectively, with maximum yield with 0.8 ETc. Padrón et al. (2014) , evaluated irrigation frequency and irrigation rates finding that daily irrigation resulted in better crop performance compared to irrigation every other day; crop yields were similar with daily irrigations at 60, 80 or 100% ETc. Moreover, Sezen et al. (2015) , reported the highest yield values with full irrigation (44.2-47.8 t ha , respectively). Our results showed that cultivation of bell pepper was affected by deficit irrigation as well as excess water caused by high rainfall. Bell pepper crop irrigated more frequently tends to be more efficient in water use, without affecting yield, compared to a crop irrigated less frequently. Also, Yildirim et al. (2012) , studying the effect of different irrigation treatments (0.0, 0.2, 0.5, 0.8, 1.0, 1.2 of ETc) in bell pepper to determine stress with a fixed interval of 7 days throughout the whole drought season, reported yields of 3. 25, 8.64, 16.93, 20.08, 27 .67 and 24.61 t ha -1 , respectively. They mentioned that the most important factor that affect growth and yield in pepper crops is the amount of irrigation water applied throughout the development period. The maximum yield under shade mesh was obtained at I 0.50 . Yield ranged from 11.0 t ha -1 in I 0 to 22.2 t ha -1 in I 0.50 . Treatment I 0 presented 50.3% reduction in yield and 13.4% reduction in I 1.0 . Díaz-Pérez (2014), studying the effect of shade levels of 0, 30, 47%, 63 and 80% in Capsicum annuum cv. Heritage, reported that yield increased with increasing shade level up to 35% shade and then decreased with increasing shade levels; Möller and Assouline (2007) , reported yield in Sweet pepper C. annuum cv. Selika between 5.93 and 9.26 kg m -2 in 30% shade. Ilahy et al. (2013) , reported yield in (C. annuum cv 'Beldi'), grown at 0, 50 and 100% shade, varied between 0.9 kg/plant and 1.15 kg/plant, respectively. Also, López-Marin et al. (2012) reported that commercial yield of sweet pepper cv 'Herminio' ranged from 2.55 kg/plant under unshaded conditions compared to 2.53 kg/plant in shaded conditions.
The open-field treatments showed highest cumulative yields and the trend was observed throughout the harvest period, which is probably due to increased radiation and greater photosynthetic activity. López-Marin et al. (2012) , reported highest yields with 40% shade. This was attributed to reduction of the incident radiation. Also, it was observed that the crop was negatively affected by high temperatures, with shading decreasing average daily temperature by 2.5°C at noon and 0.6°C in the morning, creating a micro climate favorable to crop development. Díaz-Pérez (2013) , reported that moderate levels of shade (30 and 47%) were the most favorable for plant growth and function in bell pepper. Möller and Assouline (2007) , reported that 30% mesh black shade reduces solar radiation, wind speed, water needs and increases the efficiency of water use in bell pepper.
In open-field, fruit sunscald was observed with greater intensity 55 to 85 days after transplanting, when the crop had reduced leaf area, with yield losses of 1.4, 2.2, 2.3%, , respectively. Kara and Yıldırım (2015) , reported WUE in C. annuum L. cv. Carliston with irrigation levels of 0.2, 0.5, 0.8, 1.0 and 1.2% of ETc, between 6.0, 4.1, 3.6, 2.7, and 2.1 kg m -3 , respectively. Moreover, Yildirim et al. (2012) , reported results of WUE and IWUE in bell pepper with irrigation treatments (0.0, 0.2, 0.5, 0.8, 1.0, 1.2 of ETc) of 1.6, 3.3, 5.3, 5.5, 6.9 and 5.7 kg m -3 and 2.0, 3.8, 6.0, 6.1, 7 .5, and 6.2, respectively. Table 5 . Plots in open-field presented difference on fruit quality, number of fruits per plant, fruit diameter, fruit weight and under shade mesh, the number of fruit per plant, weight and fruit dry matter. The variable that showed interaction effect between under shade mesh and in open-field was the fruit weight. The quality of fruit in the open-field and under shade mesh were affected significantly, showing the smallest fruit diameter, length, and weight and lowest number of fruits per plant. Irrigation levels of 50 and 75% ETc obtained the best fruit quality. However, the maximum fruit weight and lower fruit dry matter content was presented by treatment I 1.0 , under shade mesh. In summary, highest quality fruit (increased weight and reduced dry matter and sunscald incidence) was obtained under shade. Sezen et al. (2015) , reported increased fruit yield to augmented fruit number In addition, a uniform supply of water in the soil throughout the growing season is needed to prevent poor fruit size and shape and to improve yield. Rylski and Spigelman (1986) , reported changes in plant development due to the shading affected. According to the authors, shading affected fruit set, number of fruits per plant, fruit location on the plant, fruit development and yield. Also, the lowest number of fruits per plant was obtained under 47% shading at 5 plants m -2 density, under 47 and 26% shading at 6.7 plants m -2 density. Under shading, individual fruits were larger and had a thicker pericarp. Shading reduced sun-scald damage of the fruits from 36% in full sunlight to 3 and 4% under 26 and 47% shading. The highest yield of high-quality fruits was obtained with 12 to 26% shade. On the other hand, Milenković et al. (2012) , refer shading of pepper plants affected both fruit yield and quality. Total and marketable yield increased with 40% shading level and then decreased (with 50% shade). Shading of pepper (40%) may be an option to reduce heat stress conditions and extend the spring-summer season toward September and concludes the photoselective, light-dispersive shade nets provide a new, tool for crop protection. Changing the light intensity and radiation spectrum has a large impact on the total production system.
Maximum production efficiency in open-field was 34.2 t ha -1 with 69.4% of ETc; under shade mesh it was 20.1 t ha -1 with 54.5% of ETc. The difference of maximum production efficiency was of 14 t ha -1 and reduction of 14% of ETc. Bell pepper under 50% shade could save 14 to 25% of irrigation water. Moreover, the sunscald in fruit is improved by increasing the number of plant per square meter.
Conclusions
Yield of bell pepper in open-field was significantly higher with 75% of ETc; it was highest with 50% ETc under shade. The point of maximum production efficiency was 69.4% of ETc in open-field and 54.5% of ETc under shade. Thus, under 50% shades, there may be up to 25% water savings. Crop coefficients values found in this study will be useful for irrigation scheduling, dual crop coefficients in bell pepper, developed for a region with a humid subtropical climate. Results indicate that the WP and IWP values decreased with increasing irrigation level in both open field and shaded conditions. Irrigation with increased frequency tends to increase irrigation water use efficiency. Drip irrigations at 50% ETc and 75% of ETc may be recommended.
